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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to the field of 
measuring an analyte in a liquid medium. More specifi- 
cally, It relates to immunoassay methods for the meas- 
urement of therapeutic dnjgs in biological samples. In 
particular, the invention relates to non-isotopic immu- 
noassay methods for the detection of protease inhibi- 
tors, especially HIV protease Inhibitors, in biological 
samples. 

[0002] HIV protease inhibitors are an important new 
class of drugs which have made a significant impact on 
the health care of AIDS patients since the first one, 
saquinavir, was Introduced to the marketplace in 1995.' 
Examples of other protease Inhibitors include amprena- 
vlr, indinavir, nelfinavir and ritonavir. They are especially 
effective in combination with other anli-HIV drugs such 
as reverse transcriptase inhibitors or with other HIV pro- 
tease inhibitors. In spite of remarkable success with 
these new therapeutic regimens, there are strong indi- 
cations that results would be much improved if thera- 
peutic drug testing methods were available for monitor- 
ing protease inhibitors. Not all patients respond optimal- 
ly to the protease inhibitor combination therapies. And 
even those who do respond initially can develop drug 
resistance due to the notoriously high rate of mutation 
of the HiV virus. However, it has been shown that there 
is a clear relationship between plasma levels of the pro- 
tease inhibitors and therapeutic efficacy based upon de- 
creased viral load and Increased CD4 cell count. One 
problem lies in the fact that the drugs are metabolized 
extensively and are subject to complex drug-drug inter- 
actions. This results in extremely complex pharmacok- 35 
inetics and a strong element of unpredictability between 
dosage and resultant drug levels at any particular time 
for any particular patient. With therapeutic dmg moni- 
toring, drug dosages could be individualized to the pa- 
tient, and the chances of keeping the virus in check 40 
would be much higher. But routine therapeutic drug 
monitoring of protease Inhibitors would require the avail- 
ability of simple automated tests adaptable to high 
throughput clinical analyzers. Currently most reports on 
therapeutic drug monitoring of protease Inhibitors have 45 
used HPLC methods which are slow, labor-intensive, 
and expensive. Recently there was a report of a radio- 
immunoassay (RIA) method for saquinavir. However, . 
such a method would not be adaptable to high through- 
put th rapeutic drug monitoring and, like all RIA meth- so 
ods, suffers from the disadvantages of regulatory, safety 
and waste disposal issues relating to the radioactive iso- 
top label used in the assay. The most desirable assay 
formats. for therapeutic drug monitoring, therefore, are 
non-isotopic immunoassays, and such methods have 55 
heretofore been unknown for monitoring HIV protease 
inhibitors. 

[0003] HPLC has been the method of choice for mon- 



itoring HIV protease inhibitors. Two recent reports in the 
literature describe HPLC assays for the simultaneous 
detemriination of several protease inhibitors in human 
plasma, Poirier et al., Therapeutic Drug Monitoring 22, 
5 465-473. 2000 and Remmel et al., Ciinicai Chemistry 
46, 73-81 , 2000. There is only one known report of an 
immunoassay of any sort for HIV protease inhibitors. 
Described eariier this year was an RIA for saquinavir, 
its use with patient samples, and a comparison with 
10 HPLC methods, Wiltshire et al.. Analytical Biochemistry . 
281, 1 05-11 4, 2000. There was no teaching or sugges- 
tion of non-isotopic alternatives, however. 
[0004J Chemical and biological assays generally in- 
volve contacting the analyte of interest with a pre-deter- 
'5 mined, non-limiting amount of one or more assay rea- 
gents, measuring one or more properties of a resulting 
product (the detection, product), and correlating the 
measured value with the amount of analyte present in 
the original sample, typically by using a relationship de- 
' termined from standard or calibration samples contain- 
ing known amounts of analyte of interest in the range 
expected for the sample to be tested. Typically, the de- 
tection product incorporates one or more detectable la- 
bels which are provided by one or more assay reagents. 
Examples of commonly used labels include radioactive 
iostope labels such as^^\ ahd ^sp, enzymes such as 
peroxidase and beta-galactosidase and enzyme sub- 
strate labels, fluorescent labels such as fluoresceins 
and rhodamines, electron-spin resonance labels such 
as nitroxide free radicals, immunoreactive labels such 
as antibodies and antigens, labels which are one mem- 
ber of a binding pair such as biotin-avidin and biotin- 
streptavidin, and electrochemiluminescent labels such 
as those containing a ruthenium bipyridyl moiety Sand- 
wich assays typically involve forming a complex in which 
the analyte of interest Is sandwiched between one assay 
reagent which is ultimately used for separation, e.g., an- 
tibody, antigen, or one member of a binding pair, and a 
second assay reagent which provides a detectable la- 
bel. Competition assays typically Involve a system in 
which both the analyte of interest and an analog of the 
analyte compete for a binding site on another reagent, 
e.g., an antibody, wherein one of the analyte, analog or 
binding reagent possesses a detectable label. 

SUMMARY OF THE INVENTION 

[0005] The present invention comprises a method of 
immunoassay for an HIV protease inhibitor which com- 
prises the steps of Incubating a sample suspected of 
containing the protease inhibitor with a receptor specific 
for the inhibitor and a non-isotopic conjugate comprised 
of a llgand or analog of the inhibitor and a non-isotopic 
label, measuring the amount of receptor that binds to 
the conjugate, and con-elating the amount of bound part- 
ner to the amount of protease inhibitor in the sample. 
The incubation of sample with receptor and conjugate 
can be done sequentially or simultaneously. The sample 
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is preferably a bodily fluid such as whole blood, serum, 
plasma, urine, saliva, cerebrospinal fluid, or tears. The 
receptor or binding partner may be an antibody selective 
for a particular protease inhibitor over other protease in- 
hibitors, protease inhibitor metabolites, or co-adminis- 
tered non-protease inhibitor drugs. Alternatively, in an- 
other aspect of the invention, the receptor is an antibody 
reactive with a class of structurally related protease in- 
hibitors and/or protease inhibitor metabolites. The non- 
isotoplc conjugate is a covalent or non-covalent com- 
plex of a non-isotopic label with a ligand selected from 
the group consisting of protease inhibitors, protease in- 
hibitor derivatives and protease inhibitor analogs. Ex- 
amples of non-isotopic labels include enzymes, fluoro- 
genic compounds, chemiluminescent materials, elec- 
trochemical mediators, particles, reporter groups such 
as biotin, enzyme inhibitors such as mycophenolic acid, 
and macromolecular carriers such as proteins, glyco- 
proteins, complex polysaccharides and nucleic acids. 
The immunoassay may be performed in a heterogene- 
ous format utilising a solid phase or in a homogeneous 
format using a solution or suspension, both of which as- 
say formats are well known in the art. One pref en-ed het- 
erogeneous format is a microtiter plate ELISA (enzyme- 
linked immunosorbent assay). Prefen-ed homogeneous 
formats include microparticle agglutination and uncom- 
petitive inhibition immunoassays, e.g., the mycophenol- 
ic acid/inosine monophosphate dehydrogenase method 
described in Dorn at al., US Serial No. 09/603,646 filed 
June 26, 2000. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[O0O6] 

Figure 1 is a schematic representation of the syn- 
thesis of [cis-1-oxo-4-{1(S)-[1(S)-benzyl-3-[3 (S)- 
tert-butylcarbamoyl-decahydro-(4aS,8aS)-isoquin- 
olin-2-yl]-2(R)-hydroxy-propylcarbamoyl]-2-car- 
bamoyl-ethylcarbamoyl}-butyl]-BSA as described 
in Examples 1 -3. 

Figure 2 is a graph prepared by plotting the results 
obtained in Example 6 in which samples containing 
various concentrations of saquinavir were assayed 
according to the present Invention. Concentration 
of saquinavir is plotted on the X-axis and absorb- 
ance at 450 nm is plotted on the Y-axis. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] Non-isotopic immunoassays for HIV protease 
inhibitors may be construct d in h t rogen ous or ho- 
mogeneous fomnats. Heterogeneous immunoassays 
are distinguish d by incorporating a solid phase sepa- 
ration of bound analyt from free analyte or bound label 
from free label. Solid phases can take a variety of fonms 
well known in the art. including but not limited to tubes, 



plates, beads and strips. One particularly preferred form 
is the microtiter plate. The solid phase material may be 
comprised of a variety of glasses, polymers, plastics, 
papers, or membranes. Particularly preferred are plas- 
5 tics such as polystyrene. Heterogeneous immu- 
noassays may be competitive or non-competitive, i.e., 
sandwich, formats. 

[0008] For low molecular weight anaiytes such as HIV 
protease inhibitors, competitive formats are preferred. 

10 Competitive heterogeneous immunoassays for HIV pro- 
tease inhibitors may be formatted in various ways. For 
example, in one format, an antibody to a protease inhib- 
itor is immobilized on a solid phase followed by incuba- 
tion with sample and conjugate, which compete for a lim- 

15 ited number of receptor binding sites. The unbound por- 
tion of the analyte and conjugate is then removed, and 
the amourit of bound conjugate is measured. The 
amount of bound conjugate is Inversely proportional to 
the amount of HIV protease Inhibitor in the sample. A 

20 dose-response calibration curve is constructed using 
known amounts of HIV protease inhibitor using methods 
that are well-known in the art. 

[0009] A second preferred format for the present in- 
vention involves first preparing a conjugate of an HIV 
25 protease inhibitor derivative with a macromolecular car- 
rier substance such as a protein. The preparation of 
such a conjugate is described herein in Examples 1-3 
for a saquinavir derivative conjugate with the carrier pro- 
tein bovine serum albumin (BSA). Conjugates of this 
30 type may be immobilized on a solid phase of choice us- 
ing covalent or passive immobilization. In Example 4, 
passive immobilization on a microtiter plate is illustrated. 
Following preparation of the conjugate-coated plate, re- 
ceptor is added at a pre-determined optimal dilution as 
35 well as sample containing HIV protease inhibitor. A com- 
petition results between the solid phase bound conju- 
gate and the HIV protease inhibitor in solution for a lim- 
ited number of receptor binding sites. After incubation, 
the solid phase is washed to remove unbound receptor. 
40 Finally a label is added which is used to detect the pres- 
ence of bound antibody. In the case of an ELISA assay 
such as desecribed in Example 6. the label includes a 
secondary antibody or receptor directed against the 
species of the bound receptor, e.g., rabbit anti-sheep 
45 antibody, which is conjugated to an enzyme label, e.g., 
horseradish peroxidase (HRP). Other enzyme labels 
and secondary binding substances will be readily appar- 
ent to those skilled in the art of microtiter plate ELISAs. 
Similarly to the first described assay fomiat, the amount 
50 of bound enzyme conjugate is inversely proportional to 
the amount of HIV protease inhibitor in the sample. A 
dose-response calibration curve is constructed with 
known amounts of HIV protease inhibitor, and the 
amount of HIV protease inhibitor in th unknown sample 
55 is then correlated to the calibration curve using standard 
methods. The amount of bound conjugate is inversely 
proportional to the amount of HIV protease inhibitor in 
the sample. 
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[0010] A preferred homogeneous microparticle im- 
rhunoassay method and test kit of the present invention 
comprises a two-reagent system comprising ready-to- 
use liquid reagents for the detection of HIV protease in- 
hibitors in serum, plasma, whole blood, urine and saliva. 
Kinetic interaction of microparticles in a solution is con- 
veniently measured using automated analyzers. In this 
particular assay fomiat, antibody against a specific pro- 
tease inhibitor is loaded on the microparticle using cov- 
alent or passive immobilization, and the protease inhib- 
itor derivative is linked to a macromolecule of choice 
such as aminodextran, which is then referred to as a 
drug conjugate. A competitive reaction takes place be- 
tween the drug conjugate and any drug in the serum 
sample for binding to a limited amount of specific anti- 
body binding sites on the microparticles. The kinetic in- 
teraction of microparticles in solution Is induced by bind- 
. ing of drug conjugate to the antibody on the microparti- 
cle and is inhibited by the presence of drug in the sam- 
ple. The interaction of the microparticles is measured by 
th absorbance of the solution, which in turn is related 
to the turbidity of the solution. Cross-linking of particles 
and drug conjugate leads to higher turbidity (higher ab- 
sorbance). Free drug binding to antibody on particles 
results in lower turbidity (lower absorbance) . 
[0011] A second format for a homogeneous micropar- 
ticle immunoassay method and test kit comprises ready- 
to-use liquid reagents for the detection of HIV protease 
inhibitors in serum, plasma, whole blood, urine and sa- 
liva. Kinetic interaction of microparticles in a solution is 
conveniently measured using automated analyzers. In 
this assay fomnat, a drug derivative linked to a macro- 
molecule of choice such as bovine serum albumin is 
loaded on the microparticles using covalent or passive 
immobilization. Antibody against the specific protease 
inhibitor is formulated in a buffer system. A competitive 
reaction takes place between the drug conjugate on the 
microparticles and any drug present in serum sample 
for binding to a limited amount of specific antibody in the 
reaction solution. The kinetic Interaction of microparti- 
cles in solution is induced by binding of drug-conjugate 
to the antibody and is Inhibited by the presence of drug 
in the sample. The Interaction of the microparticles is 
measured by the absorbance of the solution, which in 
turn is related to the turbidity of the solution. Cross-link- 
ing of particles and drug conjugate leads to higher tur- 
bidity (higher absorbance). Free drug binding to anti- 
body on particles results in lower turbidity (lower absorb- 
ance). 

[0012] In another immunoassay format of the present 
invention, a fluorescent polarization immunoassay 
method and test kit comprises ready-to-use liquid rea- 
gents for the detection of HIV protease inhibitors In se- 
rum, plasma, whole blood, urine and saliva, using the 
principle of fluorescence polarization. In this assay for- 
mat, drug derivative is tagged or labeled with a fluoro- 
phore, and the antibody against the specific protease 
inhibitor is formulated In a buffer system. A competitive 



reaction takes place between the drug with the fluores- 
cence tracer and any drug in serum saniple for binding 
to a limited amount of specific antibody , in the reaction 
solution. 

5 [0013] When a fluorescent molecule, or fluorophore, 
is irradiated with light of the proper wavelength (excita- 
tion wavelength) some of the light is emitted, although 
at a longer wavelength (emission wavelength). Whether 
or not the emitted light is polarized depends on the free- 
10 dom of the fluorophore to rotate in solution. A small mol- 
ecule, such as fluorescein, can rotate rapidly before light 
emission occurs, resulting in depolarization of the emit- 
ted light. In contrast, a fluorescent macromolecule, such 
as a fluorescein-labeled protein, will rotate much more 
15 slowly. Thus, in the time frame between excitation and 
emission, the macromolecule will have rotated only very 
slightly, and the emitted light will be polarized. Fluores- 
cence polarization is a reproducible function of the drug 
concentration and is suitable for the quantitative deter- 
20 mination of drug concentrations in samples. 

[0014] Another immunoassay forrnat contemplated 
by the present Invention is a homogeneous electro- 
chemical irinmunoassay based on the use of electroac- 
tive labels that are inhibited when bound to an antibody 
25 or other binding receptor. The preferred electroactive la- 
bels are reversible redox labels such as bipyridyl os- 
mium cornplexes. Signal amplification can be achieved 
by redox cycling of these mediators bioelectrocatalyti- 
cally by using a redox enzyme or through the use of an 
30 interdigitated array (IDA) electrode. The format used for 
the homogeneous assay is a sequential binding inhibi- 
tion. The sample being assayed is mixed with the anti- 
body or other binding receptor. If antigen Is present, 
binding occurs. Any remaining unbound antibody/bind- 
35 ing receptors are then mixed with the antigen labeled 
electroactive label. The unbound antigen labeled elec- 
troactive compounds are then measured at the elec- 
trode surface. 

[0015] When no analyte is present In the sample, a 
^0 greater amount of antibody or binding receptor will bind 
to the antigen-labeled electroactive compound. This re- 
sults in maximum inhibition of the electroactive com- 
pound. High analyte concentrations In the sample result 
in little or no inhibition of the electroactive compound. 
Therefore, there Is a positive correlation between elec- 
trochemical response and analyte concentration. 
[0016] In yet another immunoassay fomrial of the 
present invention, the analyte present in the sample 
competes with analyte-enzyme conjugate for binding 
so sites on antibodies which are immobilized on capillary 
surfaces. The unbound analyte-enzyme conjugate 
flows to a detection zone where the enzyme turns the 
substrate Into electroactive product. The product is then 
detected electrochemically at the electrode. When ana- 
55 lyte concentration in the sample is high, there is mor 
analyte-enzyme conjugate left unbound to flow to the 
, detection zone. This results in a higher concentration of 
electroactive product produced by enzyme conjugate 
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and a higher current detected at the electrode. There- 
fore, there is a positive correlation between current de- 
tected at the electrode and analyte concentration. 
[001 7] Another aspect of the present invention relates 
to kits useful for conveniently performing the assay 
methods of the invention for the determination of an HIV 
protease inhibitor To enhance the versatility of the sub- 
ject Invention, reagents useful in the methods of the in- 
vention can be provided in packaged combination, in the 
sameorseparatecontainers, In liquid or iyophllizedfomr) 
so that the ratio of the reagents provides for substantial 
optimization of the method and assay. The reagents 
may each be in separate containers, or various reagents 
can be combined in one or more containers depending 
on cross-reactivity and stability of the reagents. 
[0018] The reagent kit of the present invention com- 
prises a receptor specific for an HIV protease Inhibitor 
and a conjugate comprising a ligand of the inhibitor and 
a non-isolopic signal generating moiety. The reagents 
may remain in liquid fonn or may be lyophilized. The kit 
can further comprise calibration and control materials 
useful in performing the assay. The receptor or the con- 
jugate may be immobilized on a solid support. 
[0019] Any sample that is reasonably suspected of 
containing the analyte, i.e.. an H)V protease Inhibitor or 
metabolite, can be analyzed by the method of the 
present invention. The sample is typically an aqueous 
solution such as a body fluid from a host, for example, 
urine, whole blood, plasma, serum, saliva, semen, stool, 
sputum, cerebral spinal fluid, tears, mucus or the like, 
but preferably the sample is plasma or serum. The sam- 
ple can be pretreated if desired and can be prepared in 
any convenient medium that does not interfere with the 
assay. An aqueous medium Is preferred. 
[0020] Antibody, or preferably, receptor, means a spe- 
cific binding partner of the analyte and is any substance, 
or group of substances, which has a specific binding af- 
finity for the ligand to the exclusion of other substances. 
[0021 ] Ligand means any substance, or group of sub- 
stances, which behaves essentially the same as the an- 
alyte with respect to binding affinity of the antibody for 
the analyte and is meant to Include any HIV protease 
inhibitor or derivative and isomers thereof. 
[0022] Calibration material means any standard or 
reference material containing a known amount of the an- 
alyte to be measured. The sample suspected of contain- 
ing th analyte and the calibration material are assayed 
under similar conditions. Analyte concentration is then 
calculated by comparing the results obtained for the un- 
known specimen with results obtained for the standard. 
This is commonly done by constructing a calibration or 
dose response curve such as in Figure 2. 
[0023] Various ancillary materials will frequently be 
employed in an assay in accordance with the pres nt 
invention. For example, buffers will nonrnally be present 
in the assay medium, as well as stabilizers for the assay . 
medium and the assay components. Frequently, in ad- 
dition to these additives, additional proteins may be in- 



cluded, such as albumin, or surfactants, particulariy 
non-ionic surfactants, or the like. 
[0024] It is to be understood that any reference 
throughout the specification and claims to an HIV pro- 
s tease inhibitor is meant to include the Inhibitor as well 
as its biologically active and therapeutically active me- 
tabolites and derivatives which behave in a biological 
sense as the inhibitor. 

[0025] The tenn derivative refers to a chemical com- 
10 pound or molecule made from a parent compound or 
molecule by one or more chemical reactions. 
[0026] As used herein, a detector molecule, label or 
tracer is a non-radioactive identifying tag which, when 
attached to a canrier substance or molecule, can be 
IS used to detect an analyte. A label may be attached to 
Its carrier substance directly or indirectly by means of a 
linking or bridging moiety. Examples of labels include 
enzymes such as p-galactosidase and peroxidase, flu- 
orescent compounds such as rhodamine and fiuores- 
20 cein isothlocyanate (FITC), and luminescent com- 
pounds such as dioxetanes and luciferin. 

Example 1 . Preparation of 2-[3(S)-[(L-asparaginyl) 
amlno]-2(R)-hydroxy-4-phenylbutyl]-N-tert-butyl- 
25 decahydro-(4aS,8aS)-lsoquinoiine-3(S)-carboxamide 

m 

[0027] To a solution of 548 mg of cis-2-[3tS)-[[IM-(ben- 
zyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy- 

30 4-phenylbutyl]-N-tert-butyl-decahydro-{4aS.8aS)-lso- 
quinoline-3(S)-cart30xamide (I, US Patent No. 
5,1 96,438} in 50 ml of methanol in a flask was added 58 
mg of 10% palladium on carbon. The flask and contents 
were placed under a hydrogen atmosphere (purge- 

35 evacuate cycle 5 times) and the contents then left under 
1-2 atmospheres pressure of hydrogen overnight at 
room temperature with stin-ing. Thin layer chromatogra- 
phy analysis (silica gel plates, eluting with 1 0% metha- 
nol-chtoroform) followed by staining of the plate in an 

40 iodine chamber indicated disappearance of starting ma- 
terial with a new, more polar spot appearing. The reac- 
tion was filtered through a pad of celite, washing with 
methanol, and the collected filtrates evaporated under 
reduced pressure. The residue was redissolved in a little 

45 methanol, filtered (0.2 p., Gelman Acrodisc) and evapo- 
rated to dryness. The residue was redissolved in dis- 
tilled methylene chloride and re-evaporated (repeated 
5 times) and the residue dried under high vacuum for 2 
days to give 451 mg of the product (II) as a white/off- 

50 white solid. "^H-NMR: compatible. FAB (+) MS: 516 
(IVI+H). 

Example 2. Preparation of cis-4-{1 (S)-[1 (S)-benzyl-3-[3 
(S)-tert-butylcarbamoyl-decahydro-(4aS,8aS)- 
55 isoquinolin-2-vl]-2(R)-hydroxy-propylcari3amQyl]- 
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2-cQrbamovl'ethvlcarbafnovl)-butyric acid 2,5'dioxo- 
pyrrolidin-l-yl ester (IV) 

[0028] To a stirred solution of 50 mg of (II) in 10 ml of 
dry methylene chloride (distilled from calcium hydride 
under argon) under argon and cooled in an ice water 
bath was added 24 mg, 1 molar equivalent, of 5-[(2,5-di- 
oxo-1-pyrrolidinyI)oxy]-5-oxo-pentanoyl chloride (III, 
prepared. simltarty to European patent application EP 
503454 and US Patent No. 5,248,611) as a solid in one 
. lot. The reaction was stirred for 2 hours while maintain- 
ing cooling. Thin-layer chromatography (silica gel 
plates, eluting with 10% methanol-methylene chloride) 
indicated the reaction was complete. The reaction was 
diluted with methylene chloride, pouredintoO.1 Naque- 
ous hydrochloric acid, the pH adjusted to about 5 with 
1 0% sodium carbonate, the mixture shaken well and the 
phases separated. The aqueous layer was further bas- 
ified with 1 0% sodium carbonate to pH about 7 and re- 
extracted with methylene chloride. The combined or- 
ganic extracts were washed with water (1 time), satu- 
rated aqueous sodium bicarbonate (3 times), saturated 
aqueous sodium chloride (1 time), dried (sodium sul- 
fate), filtered and evaporated. The gcMike residue was 
dried under high vacuum at room temperature for sev- 
eral hours to give 57 mg of the product (IV) as a white 
solid and as a partial solvate with methylene 
chloride. ^H-NMR: compatible, FAB(+) MS: 727(M+H). 
HR (+) FAB MS: calculated (M+H) 727.4031 , observed 
727.4013. 

Example 3. Preparation of fcis-1-oxo-4-{1 (S)-ri (S)- 
benzvl-3-[3(S)-tert-butvlcarbamovl-decahydro-(4aS. 
8aS)-isoquinolin-2-vn-2(R)-hydroxy-propvlcarbamoyll- 
2-carbamoyl-ethylcari3amoyl}-butyi]-BSA (V) 

[0029] Toastirringsolutionof 380 mg of bovine serum 
albumin (Miles-Pentex, Fraction V) in 7.6 ml of 50 mM 
potassium phosphate (KPi) pH 7.5 cooled in an ice wa- 
ter bath was added 1 .9 ml of dimethylsulf oxide (DMSO) 
dropwise over 5-10 minutes. 1 ml of the resulting dear 
solution was withdrawn and kept as the BSA control. To 
the remaining solution of about 340 mg of BSA In 20% 
DMSO-50 mM KPi, pH7.5 was added 7.8 mg, about 2.1 
molecular equivalents, of (IV) dissolved In a total of 
about 1 .5 ml of DMSO, resulting In a reaction of (IV) with 
BSA in about 32% DMSO-50 mM KPi, pH7.5. The reac- 
tion was stirred overnight, allowing the temperature to 
attain room temperature. The resulting solution was 
transferred to a 3-15 ml capacity dialysis cassette 
(Pierce Chemical Co., Slide-A-Lyzer®, 10K molecular 
weight cutoff) and dialyzed sequentially at room temper- 
ature against 1 L each of 30%, then 20%, then 1 0% DM- 
SO-50 mM KPi, pH7.5 for about 2 hours each, then 
against 50 mM KPi, pH7.6 at room temperature over- 
night followed by 50 mM KPi, pH7.5 (5 changes) over 3 
days. Th retentate was withdrawn from th cassette to 
give 1 9 ml of the conjugate (V) as a clear, essentially 



colorless, solution. The protein concentration was de- 
termined (Coomassie Blue, modified Bradford method) 
to be 1 8.6 mg/ml . using the BSA control as the standard. 

5 Example 4. Concentration ranges of antiserum and 
saquinavir-BSA conjugate 

[0030] Corning micro-ELISA plates (96 wells) were 
. used throughout. The saqulnavir-BSA conjugate was di- 

10 luted to 2 \ig/m\ in 0.1 M sodium carbonate buffer, pH 
9.5. One hundred microliters of the buffer was placed in 
the wells of each row of the plate except the first row. 
The first row was f jlled with 200 |il of the 2 \ig/m I saquina- 
vir-BSA solution, and a twelve-tip micropipettor was 

75 used to transfer 100 \i\ from the first row to the second 
row of all columns at the same time. Mixing of contents 
of the second row was accomplished by re-pipetting 3 
times'. One hundred microliters from the second row was 
then transferred to the third row and mixed. This was 

20 repeated to the last row of the plate. After mixing, 100 
pj was removed from the last row and discarded. The 
plate was placed in a humidified Zip-Loc bag and incu- 
bated for 1 hour at 37 ^'C. 

[0031] After incubation, the plate was removed from 
2S the incubator and bag and emptied into a waste contain- 
er. PostCoat solution was added to each well in the 
amount of 200 |xl. This solution consisted of 1 % gelatin 
hydrolysate, 2% sucrose, 0.15 M Tris, pH 7.4, 0.17% 
Tween 20, and 0.02% Thimerosal preservative. All rea- 
30 gents were from Sigma Chemicals, The plate was re- 
turned to the humidified bag and placed in the incubator 
for 1 hour. 

[0032] During the incubation, saquinavir antiserum di- 
lutions (from H.R. Wiltshire, see AnaL Biochem, 281, 

35 105-114, 2000) were prepared as follows. A vial of se- 
rum was thawed in warm water, and 2 ^1 of 1 0% Thime- 
rosal was added as a preservative. This was gently 
mixed so as not to form a foam. A Falcon flexible micro- 
titer plate was used to prepare the serum dilutions by 

40 adding 1 1 0 p.1 of PBS-Tween (phosphate buffered saline 
containing 0.2% Tween 20) into each well except the 
first column of wells. To the first column of wells were 
added110p.lof a 1:1 00 dilution of serum in PBS-Tween. 
To the second column, 11 0 p,l of 1 :100 dilution was also 

45 added using an eight place micropipettor. This was 
mixed by re-pipetting three times, then transferring 110 
jil from the second column to the third and repeating the 
mixing. This was repeated for each column across the 
plate. 

50 [0033] After the incubation of the coated plate was 
complete, it was emptied by washing with PBS-Tween 
and a final aspiration. Using an 8-place micropipettor, 
100 \i\ was transfenred from column 12 of the dilution 
plate to column 12 of the coated plate. Then 1 00 jxl was 

55 transferred from column 1 1 , etc. After transfer of diluted 
antibody was completed, the coated plate was re- 
bagged and incubated for 1 hour at 37 **C. 
[0034] Five minutes before the incubation was com- 
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plete, Zymed rabbit anti-sheep IgG-HRP conjugate was 
diluted 1 :2000 in PBS-Tween and vortexed gently to 
connpletely mix. Upon completion of the hour incubation, 
the piate was washed 4 times with 300 |llI of PBS-Tween 
using a BioTek Instruments, Inc. EL404 plate washer. 
One hundred microliters of the diluted rabbit anti-sheep 
IgG-HRP conjugate was then pipetted into each well, 
the plate re-bagged and incubated for 1 hour. 
[0035] At the completion of the hour, the plate was re- 
moved from the incubator and bag and washed six times 
on the plate washer. One hundred microliters of K-BLUE 
enzyme substrate (Neogen, Inc.) was then added to 
each well and color allowed to develop in the dark for 5 
minutes. Color development was halted by the addition 
of 100 1x1 of 1 N hydrochloric acid to each well. The op- 
tical density of each well was measured at two wave- 
lengths, 405 nm and 450 nm using a Molecular Devices, 
Inc. ThemnoMax plate reader. The readings at 450 nm 
showed that the measurement capability of the reader 
was exceeded at the higher concentrations of conjugate 
and antiserum. Therefore, the OD405 measurements 
were used to calculate the extrapolated .OD450 by the 
well-known method of using a linear least squares re- 
gression of readings at both wavelengths. 
[0036] The resulting data was analyzed by plotting the 
optical density for each concentration of saquinavir-BSA 
on the Y and X axes, respectively, for each dilution of 
the antiserum. This produced a set of 12 curves. Next, 
the optical density versus the dilution of serum was plot- 
tedforeach concentration of saquinavir-BSA, producing 
a graph with 8 curves. The latter graph revealed that 
there was a rather pronounced pro-zone effect for conr 
centratlons of saquinavir-BSA of 0.1 25 p.g/ml and below 
when combined with dilutions of the anti-saquinavir se- 
rum of 1:1000 or less. From these two graphs, it was 
decided that the combination of 62.5 ng/ ml conjugate 
and 1:12,800 dilution of antiserum would be used. 

Example 5. Assay specificity determination 

[0037] An ELISA plate was coated with the above 
concentrations of saquinavir-BSA using the same con- 
ditions as set forth above. While the plates were being 
PostCoated, serial three-fold dilutions of saquinavir, 
ritonavir, indinavir, and nelfinavir were prepared in a 1 
ml capacity 96-well plate. All drugs were prepared at 1 
mg/ml in absolute methanol and stored at 4 ''C until 
used. Briefly, 1 ixl of each drug was transferred to wells 
of the first row of the plate, which contained 500 |il of 
PBS-Tween in each well of the first row and 200 \i\ of 
the same buffer in all other wells of those columns. After 
mixing, 1 00 ^.1 from the first row of each of the four col- 
umns was transferred to the second row and mixed. This 
was repeated across each row until the seventh row was 
completed. The eighth row contained only buffer; this 
was the zero concentration of each drug. 
[0038] Upon completion of the PostCoat incubation, 
the coated plate was washed and 50 \i\ of solution was 



transferred from row H of the dilution plate to row H of 
the coated plate: this was repeated from row G to row 
A using a micropipettor equipped with 4 tips. Upon com- 
pletion of this, 50 M^l of saquinavir antiserum, diluted 1 : 

5 12,800 in PBS-Tween, was added to each well of the 
coated plate. The plate was incubated as above. After 
1 hour, the plate was washed 4 times, and 100 {xl of 1 : 
2,000 Zymed rabbit anti-sheep IgG-HRP diluted in 
PBS-Tween was added and the plate incubated as 

10 above. The plate was processed further as described 
above. Readings of the optical density at 450 nm 
showed a dose-response curve for saquinavir and a 
lesser response for nelfinavir: no dose-response cun/es 
were observed for the other drugs. From these data it 

15 was calculated that the antiserum cross-reacted with 
nelfinavir to the extent of 0.4%. 

Example 6. Assay perfonnance with serum milieu 

20 [0039] This example comprises repeating Examples 
with some modifications. The drug evaluated was 
saquinavir, and the drug diluent was 100% nomrial hu- 
man serum. Therefore, the final assay was in 50% hu- 
man serum, which reflects the addition of a half volume 

25 of the antiserum diluted in PBS-Tween. Additionally, 15 
dilution steps were carried out as in the previous exam- 
ple with 7 dilution steps and indicated that the lowest 
non-zero dmg concentration in Example 5 provided 
about a 50% inhibition with respect to zero drug. More 

30 dilution steps were therefore required to clarify the entire 
inhibition curve. All drug concentrations were carried out 
in triplicate. The data was charted using the average of 
the three wells at each drug concentration and error bars 
to obtain the dose response curve shown in Figure 2. 

35 As can be seen from the graph, the range of the assay 
is from less than a nanogram to 1 microgram per millili- 
ter. The lowest detectable level is estimated to be 0.5 
ng/ ml. 

[0040] This example demonstrates the usage of an 
40 antiserum raised to saquinavir-KLH for determining the 
amount of drug in human serum via an enzyme-linked 
immunosorbent assay. 



45 Claims 

1. An immunoassay for determining an HIV protease 
inhibitor in a sample comprising the steps of: 

50 (a) combining a sample suspected of contain- 

ing said protease inhibitor with a receptor spe- 
cific for said inhibitor and a conjugate compris- 
ing a ligand of said inhibitor and a non-isotopic 
signal generating moiety, 

55 

(b) measuring the amount of said receptor 
bound to said conjugate by monitoring the pro- 
duction of signal generated by said moiety, and 
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"(c) correlating said production of signal with the 
presence or amount of said inhibitor in said 
sample, 

2. The method of claim 1 wherein said receptor is se- 
lected from the group consisting of antibodies, an- 
tibody fragments and antibody derivatives. 

3. The method of claim 1 , wherein said protease in- 
hibitor Is selected from the group consisting of 
saquinavir, amprenavir, Indinavir, nelfinavir and 
ritonavir. 

4. The method of claim 1 , wherein said receptor Is 
bound either directly or indirectly to a solid phase. 

5. The method of claim 1, wherein said signal gener- 
ating moiety is selected from the group consisting 
of enzymes, fluorogenic compounds, chemilumi- 
neseent materials, electrochemical mediators, par- 
ticles, reporter groups, enzyme inhibitors, and 
polypeptide carriers. 

6. A non-isotopic immunoassay for determining an 
HIV protease inhibitor in a sample comprising the 
steps of: 

(a) combining a sample suspected of contain- 
ing said protease inhibitor with a conjugate 
comprising a iigand of said protease inhibitor 
and mycophenolic acid, a receptor specific for 
said protease inhibitor. IMP, NAD and IMPDH. 

(b) monitoring the production of NADH, and 

(c) correlating the production of NADH with the 
presence or amount of said protease inhibitor 
in said sample. 

7. A test kit for determining an HIV protease Inhibitor 
In a sample comprising in packaged combination: 

(a) a receptor specific for said inhibitor and 

(b) a conjugate comprising a tigand of said In- 
hibitor and a non-lsotopic signal generating 
moiety. 

8. The test kit of claim 7, wherein said receptor Is se- 
lected from the group consisting of antibodies, an- 
tibody fragments and antibody derivatives. 

9. The test kit of claim 7, wherein said protease Inhib- 
itor is selected from the group consisting of saquina- 
vir, amprenavir, indinavir, nelfinavir and ritonavir. 

10. The test kit of claim 7, wherein said receptor is 
bound either directly or indirectly to a solid phase. 



11 . The test kit of claim 7, wherein said signal generat- 
ing moiety is selected from the group consisting of 
enzymes, fluorogenic compounds, chemilumines- 
cent materials, electrochemical mediators, partl- 
5 cies, reporter groups, enzynne inhibitors, and 
polypeptide carriers. 
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